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http://dx.doi.org/10.1016/j.hkpj.2013.06.00Abstract The objective of this randomized controlled trial was to evaluate the effect of foot
position during sit-to-stand (STS) training on balance and upright mobility in patients with
chronic stroke. Forty patients (29 men, 11 women) with chronic stroke participated in the
study. Patients were randomly placed into two experimental groups with 20 patients in each
group. Participants in Group A performed STS training with the affected foot position behind
the unaffected foot (asymmetrical foot position), whereas Group B performed STS training
with the affected foot position alongside the unaffected foot (symmetrical foot position).
On comparing the mean difference values of STS performance, Berg balance scale score,
and timed up-and-go test between the two groups, there was a significant difference at the
end of Week 4 (p < 0.05). In conclusion, asymmetrical foot position during STS training resulted
in improved balance and upright mobility in patients with chronic stroke as compared to the
symmetrical foot position.
Copyright ª 2013, Hong Kong Physiotherapy Association Ltd. Published by Elsevier (Singapore)
Pte Ltd. All rights reserved.Introduction
Stroke is an acute onset of neurological dysfunction due to
an abnormality in cerebral circulation with resultant signs
and symptoms that correspond to the involvement of focalazphysio@rediffmail.com
htª 2013, Hong Kong Physiotherapy As
1areas of the brain [1]. To be classified as stroke, focal
neurological deficits must persist for at least 24 hours [1].
Clinically, there is a variety of deficits, with the severity of
neurological deficits varying from individual to individual
depending on the location and extent of lesion [2]. In
different parts of India, several population-based surveys
on stroke were conducted. During the past decade, the age-
adjusted prevalence rate of stroke was 250e350/100,000.
Stroke represents 1.2% of the total mortality in India [3].sociation Ltd. Published by Elsevier (Singapore) Pte Ltd. All rights reserved.
76 R. Farqalit, A. ShahnawazFollowing stroke, the inability to rise to stand indepen-
dently can prevent independent function during activities
of daily living. It is common for patients with hemiplegia to
demonstrate considerable asymmetry of weight distribu-
tion during rising to stand, with significantly increased
weight bearing on the unaffected side [4]. Chou et al [5]
suggested that sit-to-stand (STS) and gait parameters
were correlated significantly with rising speed and maximal
vertical force of both legs during rising. Cheng et al [6]
studied dynamic postural control in patients with stroke
and their results indicated that these individuals tended to
fall easily and that the risk of falling toward the paretic side
was high. Garland et al [7] also reported that standing
balance plays an important role in functional mobility after
stroke.
The STS movement is one of the most common func-
tional activities and it is essential for the maintenance of an
individual’s independence [8]. According to the literature,
individuals with hemiparesis present a weight-bearing
asymmetry when they rise from a chair spontaneously,
placing more weight on the unaffected lower limb than on
the affected one [9].
The training of the STS task is often initiated during the
early phase of rehabilitation. The practice of this move-
ment through strategies that promote the weight bearing
on the affected leg, can provide benefits for the return of
more functional movements and prevention of falls and the
learned nonuse of the affected limb [8].
The learned nonuse of the affected limb can be reversed
by the forced use of the same leg. Some strategies can be
used to favour the load on the affected leg during the STS
movements [8]. According to Brunt et al [10] and Roy et al
[11], the weight-bearing asymmetry for hemiparesis can be
reduced when the task is performed with the affected foot
placed behind the unaffected foot. This foot placement
seems to force the individual to bear more weight on the
affected side. The change in position of the affected foot
placed behind the unaffected foot, for example, is a
common strategy used for training in clinical practice.
Barreca et al [12] investigated the effect of task-oriented
training for improving STS in patients with subacute
stroke. They concluded that task-oriented STS practice
improved STS performance compared to conventional
therapy in patients with subacute stroke. However, its ef-
fects in patients with chronic stroke are still not well
documented. To address the knowledge gap, the present
study was undertaken to compare the influence of foot
placement during STS training on balance and upright
mobility. It was hypothesized that asymmetrical foot posi-
tion during STS training would lead to better improvement
in balance and upright mobility in patients with chronic
stroke as compared to the symmetrical foot position.
Methods
Patients
A total of 50 patients were assessed for eligibility. Seven
patients did not satisfy the inclusion criteria, and three
refused to participate. Hence, a total of 40 (29 male and 11
female) patients with chronic stroke completed the trial(Fig. 1). The criteria for inclusion were: chronic stroke
>6 months; Brunnstrom stage IVeV; age >40 years having
mini mental state examination score 21 [13]. Participants
should be able to rise from a chair without using their
hands. Patients were excluded if they had other neurolog-
ical disorders, severe aphasia, apraxia or visuospatial dis-
order, moderate to severe spasticity, musculoskeletal
disorder to lower limb, unstable medical condition such as
severe hypertension, convulsion, and complete sensory loss
of the upper limb. The study was approved by the institu-
tional ethical committee, Jamia Hamdard. Informed writ-
ten consent was received prior to intervention from the
each participant. All experiments were conducted accord-
ing to the Declaration of Helsinki.
Study design
A randomized experimental trial design was used. Baseline
measurement was taken prior to the intervention and
posttest measurement was taken at the end of Week 4. The
dependent variables selected for this study were balance
and upright mobility, which were measured by using the STS
performance, Berg balance scale (BBS), and timed up-and-
go test (TUG).
Randomisation
The participants were screened according to the eligibility
criteria and included according to the intention to treat
principle. Patients were randomly allocated into two groups
using the chit box method a simple method of generating
random sequence. To ensure equal treatment groups, we
prepared 40 chits writing A (for Group A) on 20 chits and B
(for Group B) on 20 chits. After folding the chits and putting
in a box and mixing well, the researcher drew a chit, noted
the letter written on it, and then drew the second chit
without replacing the first, noted it and proceeded similarly
until the last chit was drawn [14]. Two experienced phys-
iotherapists were assigned for the measurement of the data
and implementation of the intervention programmes
separately (i.e., the assessors were not involved in their
treatment). It was a double-blinded study. The assessor and
treating therapists were unaware of the group assignment.
Procedures
All the patients who met the inclusion criteria has been
selected and randomly assigned to one of the two groups.
STS training consists of 100 repetitions (10 sets of 10 rep-
etitions each) for 5 days a week for the duration of 4 weeks.
Both groups also received a supervised exercise programme
including stretching exercise, strengthening of lower ex-
tremity and upper extremity, balance training, and gait
training, 5 days a week for 4 weeks. All the interventions
were given by same therapist to ensure consistency be-
tween groups.
Outcome measurements
Three variables were measured to determine the efficacy
of STS training in different foot positions: STS performance,
Figure 1 CONSORT diagram showing the flow of participants through each stage of the study.
77BBS, and TUG score. In the STS test, participants stood up
and sat down on a chair as many times as possible in 3
minutes and the number of repetitions was recorded. The
TUG test measured the time required to rise out of a chair,
walk 3 m, turn around, and return to the starting line. The
TUG showed good to excellent reliability results [intraclass
correlation coefficient (ICC)Z 0.95 [15]. The BBS was used
to assess the ability to maintain balance while performing
common daily task, including moving from sitting to
standing, transferring from a chair, turning to look back,
etc. The BBS is a 14-item scale that quantitatively assesses
balance and risk for falls in older community-dwelling
adults through direct observation of their performance
[16]. The scale requires 10e20 minutes to complete and
measures the patient’s ability to maintain balancedeither
statically or while performing various functional move-
mentsdfor a specified duration of time. The items are
scored from 0 to 4, with a score of 0 representing an
inability to complete the task and a score of 4 representing
independent item completion. Scores of 0e20 represent
balance impairment, 21e40 represent acceptable balance,
and 41e56 represent good balance. The BBS measures both
static and dynamic aspects of balance. It is found to be a
reliable tool for measuring balance in stroke patients
[17,18]. Mao et al [17] found excellent interrater reliability(ICC Z 0.95) and Liston and Brouwer [18] found excellent
testeretest reliability (ICCZ 0.98) in patients post-stroke.
Training programme
Patients in the study had participated in 4 weeks of re-
petitive STS training with different foot positions. Partici-
pants in the Group A underwent STS training with the
affected foot positioned behind the normal foot (asym-
metrical foot position), whereas participants in Group B
received STS training with the affected foot positioned
alongside the normal foot (symmetrical foot position). Pa-
tients were trained individually with the aim of completing
100 repetitions of STS movements per day, 5 days a week
for 4 weeks. The initial height of the chair used for STS
training was 110% of lower leg length. Over the 4 weeks, the
height of the chair was lowered incrementally as partic-
ipants’s ability to perform multiple STS repetitions
improved, in order to provide a progressive resistive
training effect. The height of the chair was lowered to 90%
of lower leg length by the fourth week of training.
Both training groups also received a supervised exercise
programme including stretching exercise, strengthening of
the lower extremity and upper extremity, balance training,
and gait training, 5 days a week for 4 weeks. In stretching
Table 1 Demographic data of the study population
Characteristics Group A
(n Z 20)
Group B
(n Z 20)
p
Age (y)
40e50 4 (20) 4 (20) 0.465
51e60 12 (60) 9 (45) e
61e70 3 (15) 5 (25) e
71e80 1 (5) 2 (10) e
Sex
Male 14 (70) 15 (75) 0.861
Female 06 (30) 05 (25) e
Aetiology of stroke
Haemorrhage 04 (20) 05 (25) 0.135
Infarction 16 (80) 15 (75) e
Side of weakness
Right 16 (80) 14 (70) 0.672
Left 04 (20) 06 (30) e
Time since onset of stroke
1e3 y 16 (80) 15 (75) 0.254
3e5 y 02 (10) 04 (20) e
5e7 y 02 (80) 01 (5) e
Data are presented as n (%).
*p values were determined by Chi-square tests.
78 R. Farqalit, A. Shahnawazexercises for tight musculature, each stretch was per-
formed for three repetitions with a 30-second hold. In-
dividuals then participated in gait training for a maximum
of 20 minutes on a motorised treadmill without elevation at
a comfortable self-selected walking speed 3 days a week
for 4 weeks. Patients also participated in a strengthening
programme for upper extremity, lower extremity, and
balance training. Strengthening exercises of upper ex-
tremity and lower extremity muscles were completed for
three sets of 10 repetitions each following the Delorme
regimen of progressive resistive exercise [19]. The rest
period between repetitions and sets was 30 seconds and
60 seconds, respectively, and 5 minutes between exercises.
Increases of 10% resistance were made gradually every
week [19]. Balance training consisted of task-oriented
training on a physio ball. While sitting on the physio ball,
each participant reached forward, to the left and to the
right, while trying to touch the therapist’s hand. Only when
the patient could actually touch the therapist’s hand were
they marked “task completed”. For forward reach, both
hands were extended. For the left and right side reach,
reaching from one side to the other was counted as one
repetition. Each task was performed in sets of five, con-
sisting of 10 repetitions, with a 1-minute rest between each
set.
Sample size estimation
A sample size calculation was performed based on test re-
sults of the change in TUG test score, including the first 10
patients (5 patients in each group) of the present study. We
considered all three outcome measures (STS performance,
BBS, and TUG) when calculating the sample size. However,
change in TUG was less when compared with the other two
outcome measures and therefore, we took the conservative
approach and selected the TUG score for estimating the
required sample size. On the basis of the results of the pilot
study, we found that Group A (asymmetrical foot position)
would take an average of 2 seconds less to complete the
TUG when compared with Group B, with a standard devia-
tion of 2.25 seconds. A significance criterion of 0.05 and
power of 0.80 yields a sample size of 40 patients (20 in each
group), based on the following formula [20].
NZ
4s2

zcritþ zpwr
2
D2
where N is the total sample size (the sum of the sizes of
both comparison groups), s is the assumed standard devi-
ation of each group (assumed to be equal for both groups),
the zcrit value is 1.960 for a 0.05 level of significance, the
zpwr value is 0.842 for 0.8 statistical power, and D is the
minimum expected difference between the two means.
Statistical analysis
Statistics were performed using the SPSS software 15.0
version (SPSS Inc., Chicago, IL, USA). Chi-square test was
used to compare the demographic characteristics between
the two treatment groups (Group A vs. Group B). An inde-
pendent sample t test was used to analyse the mean dif-
ference of STS performance, TUG, and BBS score betweenthe two groups at the end of intervention. Paired sample
t test was used to examine the changes in outcome vari-
ables prior to and after the intervention in each group. The
level of significance was fixed at p < 0.05.
Results
Demographic data
Forty chronic stroke patients were allocated either to
Group A (asymmetrical foot position; n Z 20) or Group B
(symmetrical foot position; n Z 20; Fig. 1). Table 1 details
the demographic data of the study population. Chi-square
analysis revealed no statistically significant differences
between groups in any of the demographic variables
(Table 1).
STS performance
On comparing the STS performance between pretest and
posttest, a significant improvement was noted in both
groups (p < 0.001). The mean improvement in Groups A and
B was 17.9 and 9.2 repetitions, respectively. Between-
group comparison revealed that the mean improvement of
STS performance was significantly more in Group A
(p < 0.001; Table 2).
TUG test
Within-group comparison showed a significant improvement
in TUG performance in both groups (p < 0.001). The mean
improvement in Group A was 4.16 seconds whereas that in
Group B was 2.51 seconds. Between-group comparison
showed that the amount of improvement in TUG in Group A
Table 2 Outcome measurements
Outcome Group A (n Z 20) Group B (n Z 20) Between-group
comparison
Pretest Posttest Mean
difference
Pretest Posttest Mean
difference
t p
STS performance (repetitions) 46.1 (11.9) 65.0 (10.0) 18.9 (5.3) 44.4 (10.2) 53.3 (12.2) 8.9 (2.9) 7.456 <0.001*
TUG (s) 15.8 (1.4) 11.6 (2.1) 4.2 (1.1) 15.6 (1.5) 13.1 (1.5) 2.5 (0.8) 5.519 <0.001*
BBS 33.9 (6.2) 49.2 (4.4) 16.3 (4.9) 29.3 (8.6) 42.6 (7.3) 13.3 (3.9) 2.162 0.037*
Data are presented as mean (standard deviation).
*Significant at p < 0.05 (independent t test).
BBS Z Berg Balance Scale; STS Z sit-to-stand; TUG Z timed up-and-go test.
79was significantly greater than that in Group B (p < 0.001;
Table 2).
BBS
Significant improvement in BBS was noted in both groups
after the intervention period (p < 0.001). The mean
improvement in BBS was 15.6 and 13.4 in Groups A and B,
respectively. The mean improvement of BBS score in Group
A was found to be significantly more than Group B
(p Z 0.037; Table 2).
Discussion
This study was designed to investigate the effect of foot
position during STS training on balance and upright mobility
in patients with chronic stroke. The data showed that
4 weeks of STS training, regardless of group assignment, led
to a significant improvement in balance and upright
mobility. Moreover, there was significantly more improve-
ment in the group with asymmetrical foot position (Group
A) for all the three outcome measures (STS performance,
BBS, and TUG) relative to the group with symmetrical foot
placement, thus proving our research hypothesis to be
correct.
Influence of foot position on STS performance
The findings in our study are consistent with previous
research, which reported that different foot positions in-
fluence the STS performance. Shepherd and Koh [21]
studied the effect of foot position (posterior, preferred,
and anterior positions) prior to the start of the STS move-
ment, and showed a shorter movement time when the feet
were placed in a more posterior position. With the posterior
placement of the feet, hip flexion and hip flexion speed
were lowered, whereas anterior placement of the feet
increased the pre-extension phase [10]. Kawagoe et al [22]
also showed the influence of posterior foot placement.
Positioning the feet more posteriorly enabled lower
maximum mean extension moments at the hip (148.8 Nm
vs. 32.7 Nm) to be used for the STS movement.
Hughes et al [23] described repositioning of the feet as a
movement strategy to lower moments used for the STS
movement, which they called “stabilization strategy”.Furthermore, Lecourse et al [9] and Duclos et al [24]
concluded that asymmetries of trunk position and medio-
lateral displacement of the centre of pressure were signifi-
cantly reduced when the affected foot was placed behind
the unaffected foot. Roy et al [11] and Lecourse et al [9]
found that changing the foot position and placing the
paretic foot behind also significantly reducedweight-bearing
asymmetry. However, Munton et al [25] found no difference
in electromyographic (EMG) activity of six large lower-
extremity muscle groups with feet placed in a normal posi-
tion or posterior position. Contradictory results have been
also obtained by Camargos et al [8], who found no significant
differences in weight-bearing symmetry across the four foot
positions being investigated. Nevertheless, our results
clearly demonstrate that STS training with the affected foot
placedmore posterior to the unaffected foot over a period as
short as 4 weeks induced more gain in efficiency of STS per-
formance, functional mobility, and balance, compared with
the symmetrical placement of the feet.Limitations of study
One major limitation of the study is that the long-term ef-
fect of the STS training programme was not assessed. The
lack of measurement of intensity of training is another
limitation of the study. This training may not be relevant to
the training of more severely impaired individuals who
require a greater amount of manual assistance in performing
STS. Further research should involve a longer training period
with adequate follow-up assessments to evaluate the long-
term effects. The foot placement was not controlled in the
present study, as the distance between feet was not main-
tained within and between patients over time. In future, a
similar study can be done with the predefined distance be-
tween feet across the different patients and have it main-
tained over time during the course of the training
programme. The results cannot be generalized to acute
stroke patients. Whether acute stroke patients respond to
the two types of STS training the same way as chronic stroke
patients will need further investigations. It would also be
interesting to examine the relationship of lower extremity
strength and response to the two different methods of STS
performance in stroke patients.
In conclusion, this study demonstrated that placing the
affected foot behind the unaffected one; asymmetrical
foot position during STS training induced a better
80 R. Farqalit, A. Shahnawazimprovement in balance and functional mobility in patients
with chronic stroke when compared with STS training with
symmetrical placement of the feet.
References
[1] O’Sullivan SB, Schmitz TJ. Stroke. In: Physical rehabilitation
assessment and treatment. 5th ed. Philadelphia: FA Davis;
2007. p. 705e76.
[2] World Health Organization. Stroke. In: 1989 recommendation
on stroke prevention, diagnosis and therapy: report of the
WHO task force on stroke and other CVA disorders20. Geneva:
WHO; 1989. p. 1407.
[3] Banerjee TK, Das SK. Epidemiology of stroke in India. Neurol
Asia 2006;11:1e4.
[4] Engardt M, Olsen E. Body weight-bearing while rising and
sitting down in patients with stroke. Scand J Rehabil Med
1992;24:66e74.
[5] Chou SW, Wong A, Leong CP, Hong WS, Tang FT, Lin TH.
Postural control during sit to stand and gait in stroke patients.
Am J Phys Med Rehab 2003;82:42e7.
[6] Cheng PT, Liaw MY, Wong MK, Tang FT, Lee MY, Lin PS. The sit
to stand movement in stroke patients and its correlation with
falling. Arch Phys Med Rehabil 1998;79:1043e6.
[7] Garland SJ, Willems DA, Ivanova TD, Miller KJ. Recovery of
standing balance and functional mobility after stroke. Arch
Phys Med Rehabil 2003;84:1753e9.
[8] Camargos ACR, Rodrigues-de-Paula-Goulart F, Teixeira-
Salmela LF. The effects of foot position on the performance of
the sit-to-stand movement with chronic stroke subjects. Arch
Phys Med Rehabil 2009;90:314e9.
[9] Lecours J, Nadeau S, Gravel D, Teixera-Salmela LF. In-
teractions between foot placement, trunk frontal position,
weight bearing and knee moment asymmetry at seat-off
during rising from a chair in healthy controls and persons
with hemiparesis. J Rehabil Med 2008;40:200e7.
[10] Brunt D, Greenberg B, Wankadia S, Trimble MA, Shechtman O.
The effect of foot placement on sit to stand in healthy young
subjects and patients with hemiplegia. Arch Phys Med Rehabil
2002;83:924e9.
[11] Roy G, Nadeau S, Gravel D, Malouin F, McFadyen BJ, Piotte F.
The effect of foot position and chair height on the asymmetry
of vertical forces during sit-to-stand and stand-to-sit tasks in
individuals with hemiparesis. Clin Biomech 2006;21:585e93.[12] Barreca S, Sigouin CS, Lambert C, Ansley B. Effects of extra
training on the ability of stroke survivors to perform an in-
dependent sit to stand: a randomized controlled trial. J
Geriatr Phys Ther 2004;27:59e64.
[13] Folstein MF, Folstein SE, McHugh PR. Mini-mental state: a
practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975;12:189e98.
[14] Singh G. Randomization made easy for small size controlled
clinical trials. JIAMSE 2006;16:75e8.
[15] Ng SS, Hui-Chan CW. The timed up & go test: its reliability and
association with lower-limb impairments and locomotor ca-
pacities in people with chronic stroke. Arch Phys Med Rehabil
2005;86:1641e7.
[16] Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measuring
balance in the elderly: validation of an instrument. Can J
Public Health 1992;83(Suppl. 2):S7e11.
[17] Mao HF, Hsueh IP, Tang PF, Sheu CF, Hsieh CL. Analysis
and comparison of the psychometric properties of three
balance measures for stroke patients. Stroke 2002;33:
1022e7.
[18] Liston RA, Brouwer BJ. Reliability and validity of measures
obtained from stroke patients using the Balance Master. Arch
Phys Med Rehabil 1996;77:425e30.
[19] Fish DE, Krabeck DJ, Johnson-Greene D, DeLateur BJ. Optimal
resistance training: comparison of DeLorme with Oxford
techniques. Am J Phys Med Rehabil 2003;92:903e9.
[20] Rosner B. Fundamentals of biostatistics. 5th ed. Pacific Grove:
Duxbury; 2000. p. 308.
[21] Shepherd RB, Koh HP. Some biomechanical consequences of
varying foot placement in sit-to- stand in young women. Scand
J Rehabil Med 1996;28:79e88.
[22] Kawagoe S, Tajima N, Chosa E. Biomechanical analysis of ef-
fects of foot placement with varying chair height on the mo-
tion of standing up. J Orthop Sci 2000;5:124e33.
[23] Hughes MA, Weiner DK, Schenkman ML, Long RM,
Studenski SA. Chair rise strategies in the elderly. Clin Biomech
1994;9:187e92.
[24] Duclos C, Nadeau S, Lecours J. Lateral trunk displacement and
stability during sit-to-stand transfer in relation to foot
placement in patients with hemiparesis. Neurorehabil Neural
Repair 2008;22:715e22.
[25] Munton JS, Ellis MI, Wright V. Use of electromyography to
study leg muscle in patients with arthritis and in normal
subjects during rising from a chair. Ann Rheum Dis 1984;43:
63e5.
